Background and Ains-Fatty foods are commonly reported to aggravate gastrooesophageal reflux symptoms. In this study the hypothesis that fat provokes reflux by stimulating transient lower oesophageal sphincter relaxations via small intestinal receptors was investigated. Methods-In 12 healthy volunteers and 11 patients with reflux oesophagitis, oesophageal motility and pH were measured over 30 minute periods during which saline or fat (10% Intralipid) were infused in random order into the duodenum. The infusion periods were separated by a 30 minute washout. The stomach was loaded with 200 ml 10% dextrose, maintained by an intragastric infusion. Results-Fat decreased basal LOS pressure from l6-9 (SEM 2-1) to 12-4 (SEM 15) mm Hg in normal subjects but had no effect in patients with oesophagitis (18.8 (SEM 4.3) v 18'2 (SEM 3.0) mm Hg). During saline infusion, the rates of transient lower oesophageal sphincter relaxations and reflux episodes were greater in patients (4.5 (interquartile range 2-11)/30 min and 5 (2-14)/30 min respectively) than in controls (3 (2-4)/30 min and 3 (2-3.5)/30 min respectively). Fat increased the rate of reflux episodes in the reflux patients to 6-5 (3-25) It has been suggested that fat aggravates reflux through its effect on basal lower oesophageal sphincter (LOS) pressure. Ingestion of fat decreases basal LOS pressure3 4 and this effect is more pronounced with direct instillation of fat into the duodenum. Most postprandial reflux episodes, however, occur during transient LOS relaxations'7 rather than low steady state basal LOS pressure. The aim of this study, therefore, was to investigate the hypothesis that fatty foods aggravate reflux by increasing the rate of transient LOS relaxations through stimulation of small intestinal fat receptors.
Fatty foods are commonly reported to aggravate symptoms of gastro-oesophageal reflux.' Objective evaluation of this phenomenon, however, has been limited. Ambulatory oesophageal pH monitoring studies suggest that in normal subjects, but not in patients with reflux disease, fatty foods cause more reflux than do equicaloric quantities of low fat foods.2
It has been suggested that fat aggravates reflux through its effect on basal lower oesophageal sphincter (LOS) pressure. Ingestion of fat decreases basal LOS pressure3 4 and this effect is more pronounced with direct instillation of fat into the duodenum. Most postprandial reflux episodes, however, occur during transient LOS relaxations'7 rather than low steady state basal LOS pressure. The aim of this study, therefore, was to investigate the hypothesis that fatty foods aggravate reflux by increasing the rate of transient LOS relaxations through stimulation of small intestinal fat receptors.
Methods

SUBJECTS
We studied 12 healthy volunteers (five men, seven women, aged 18-35, median 26 years). All were free of reflux symptoms and had no history ofupper gastrointestinal disease. Studies were also performed on 11 patients (10 men, one woman, aged 44-76, median 58 years) with erosive or ulcerative oesophagitis which had been shown endoscopically within six months of the study. All subjects gave written informed consent, and the study was approved by the Human Ethics Committee of the Royal Adelaide Hospital.
RECORDING TECHNIQUES
Oesophageal manometry was performed with a multilumen assembly. A sleeve sensor monitored LOS pressure.8 Side holes at the distal margin of the sleeve and 10 cm more distally monitored gastric pressure while additional side holes monitored pressure in the oesophagus, at 2, 6, and 10 cm above the LOS. A pharyngeal side hole monitored swallowing. The sleeve and gastric lumens were perfused at 0.5 ml/min by a pneumohydraulic capillary infusion system. The oesophageal and pharyngeal lumens were perfused at 0-13 ml/min to minimise the effects ofperfusion on swallowing and oesophageal acid clearance yet yield reliable recognition of the occurrence of motor events.
Oesophageal pH was monitored 5 cm above the proximal margin of the LOS with a miniature glass intraluminal pH electrode (radiometer GK280 1 C or microelectrodes MI-506). The electrodes were calibrated in buffers of pH 2 and 7 before and after each study.
Correction for electrode calibration drifts was made on the assumption that the drift was linear throughout the study (in all cases any drifts were less than 0 4 pH units). Signals from the pressure transducers and pH electrodes were processed and recorded on a multichannel recorder at a paper speed of 100 mm/min.
Solutions were infused into the stomach via an infusion port 5 cm distal to the sleeve sensor, and into the duodenum via an infusion port 20 cm beyond the distal end of the sleeve. Correct position of the infusion port in the duodenum was ensured by measuring transmucosal potential difference (TMPD)9 with additional side holes at the level of the duodenal infusion port and 5 cm more orad. The position of the duodenal infusion port was monitored throughout the study using TMPD.
STUDY PROTOCOL
The subjects were studied after an overnight fast. Histamine H2 receptor antagonists were stopped at least 48 hours before the study (no patient was taking a proton pump inhibitor), and drugs that could affect oesophageal motility were stopped at least 24 hours before the study. Smoking was not permitted on the day of the study. The manometric assembly and pH electrode were passed via the nose. After the manometric assembly had been correctly positioned with the sleeve sensor straddling the LOS and the infusion port in the duodenum, the subjects were positioned lying on their right side and allowed to adapt to the assembly for 15 minutes. The stomach was then loaded with 200 ml 10% dextrose at pH 2 via the manometric assembly. Normal saline or a fat solution (Intralipid 10%, KABI Vitrum, Stockholm) were then infused into the duodenum at 1 ml/min during two 30 minute periods which were separated by a 30 minute washout period with no duodenal infusion. The rate of duodenal infusion was selected because it is within the estimated rate of delivery of calories to the duodenum during gastric emptying of a meall0 11 and reliably produces alterations in gastric and pyloric motility. 12 The order of saline and fat infusion was randomised among the subjects. In an attempt to maintain an equivalent intragastric volume during the saline and intraduodenal fat phases of the study, 10% dextrose solution at pH 2 was infused intragastrically at 6 ml/min during the intraduodenal infusion of saline and during the washout period to compensate for the estimated gastric emptying of the dextrose solution. ' (2-3-5)/30 min; p<0005) infusions (Fig 4) . However, intraduodenal fat had no effect on the rate of transient LOS relaxations in either group. During saline infusion, patients with reflux disease also manifested a similar proportion of transient LOS relaxations accompanied by reflux to normal subjects (65% v 52%; Fig 5) . Fat increased the number of transient LOS relaxations accompanied by reflux in patients with reflux disease from 65% to 91% (p<0O05) but had no effect in normal subjects. similar to that in the normal subjects. In the normal subjects, intraduodenal fat reduced basal LOS pressure from 16 9 (SEM 2 1) mm Hg to 12 4 (SEM 1 5) mm Hg (p<005), whereas in the patients basal LOS pressure was unchanged (Fig 1) .
GASTRO-OESOPHAGEAL REFLUX
The patients with reflux disease exhibited a significantly higher rate of reflux episodes than did the normal subjects during both the saline and fat infusions (Fig 2) . In the patients with reflux disease, intraduodenal fat increased the rate of reflux episodes from a median of 5 (interquartile range 2-14)/30 min to 6 5 (3-25)/30 min (p<0 05), but had no effect on the rate of reflux episodes in the normal subjects. Most reflux episodes occurred during transient LOS relaxations (Fig 3) . However, intraduodenal fat had no effect on the patterns of LOS pressure associated with reflux episodes. As with the previous studies,4 we noted a modest but significant fall in basal LOS pressure with intraduodenal fat in the normal subjects. This fall was not to the extent that it would be expected by itself to impair sphincter competence. Previous studies have shown that sphincter competence is preserved provided that basal pressure exceeds as little as 3 mm Hg. ' Our data do not, however, totally exclude the possibility that fat might aggravate reflux by reducing basal LOS pressure. In subjects with very low basal LOS pressures, a reduction in basal pressure by fat could conceivably reduce basal pressure to below the threshold to maintain competence. Interestingly, fat had no effect on basal LOS pressure in patients with reflux disease. The reason for this remains to be determined. However, by contrast with an earlier suggestion,2 it cannot be explained on the basis of lower LOS pressure in the patients with reflux as this was similar in normal subjects.
In summary, instillation of fat directly into the duodenum significantly increases the rate of reflux episodes in patients with reflux disease by increasing the likelihood of reflux occurring during transient LOS relaxations. This effect may contribute to the intolerance of fatty food experienced by these patients. 
